Although the literary structures employed in the Bible (chiasmus, concentric structures, and parallelism) are important for its interpretation, the ambiguity of these structures renders them problematic. In this paper, in order to establish an objective framework of evaluation for these structures, a quantitative analysis method is proposed. The target hypothesis of literary structures is the Parallel Literary Structure hypothesis about the hierarchical literary structure of the Bible. This hypothesis proposes that the literary structures in all books of the Bible have a parallel common system. Specifically, the validity of text divisions was evaluated based on divisions rendered in a number of extant Bible translations. Then, corresponding pericope pairs (a pericope is a small story unit in the Bible) that include various "common rare" words and phrases were counted, and the number of valid pairs was compared with the number of randomly constructed structures. From this analysis, statistical significances were extracted and the result strongly supports the hypothesis quantitatively.
Introduction
The field of literary criticism offers a number of methods that can be used to interpret the Bible by treating it as a work of literature that can be analyzed using literary techniques.
For example, a marked literary characteristic of the Bible is its sophisticated classicalrhetorical literary structures, notably chiasmus, concentric structures, and parallelism (Meynet 1999) .
Chiasmus is a nesting structure in which the first part of a text corresponds to the last part, the second part corresponds to the penultimate part, and so on. Examples of chiasmus include ABBA structure ( fig. 1 ).
A concentric structure is similar to a chiasmus but contains an unpaired central part, as in ABCBA or ABCDCBA. Parallelisms are repetitive patterns, such as ABAB or ABCABC. The number of parts in these structures does not seem to be limited to just a few; some hypotheses on Biblical literary structures include numerous corresponding pairs throughout a whole book of the Bible. For instance, hypotheses on literary structures in the Gospel of Mark (Scott 1985) , the Gospel of John (Smith 2005) , and the Pauline letters (Ellis 1982) have been proposed, and numerous literary structures in the New Testament have been listed (Breck 2008 , Lund [1942 ] 1992 . Many hypotheses on literary structures in the Old Testament have been proposed, such as in the Book of Zechariah (Butterworth 1992) or the Book of Joshua (Clarke 2008) , and numerous literary structures in the Old
Testament have been listed (Dorsey 1999) . Although the term "literary structure" has several meanings, in this paper the term signifies "literary rhetorical structure" as in Bible studies.
There are several advantages to identifying the literary structures of the Bible. First, the practice can clarify the text divisions that occur therein (which are not clear, particularly in general ancient texts); moreover, correspondences between phrases can allow deeper interpretation of the passages in question. With regard to concentric structures, the main theme of a given text can also be clarified by identifying the center of the structure, which often bears greater significance than what surrounds it (Dorsey 1999 , Assis 2002 ).
However, there remain some problems related to the understanding of Biblical literary structures. First, there is no agreement between scholars regarding what kinds of structural correspondence may be deemed valid or significant (Blomberg 1989) . For instance, some structures correspond in terms of individual words or phrases, but more abstract attributes, such as concepts, narrative styles, and themes, may also serve as elements of correspondence. Moreover, the length of textual units is not uniform: some structures are composed of phrases, while others are composed of pericopes (Dorsey 1999 ) (small story units; see fig. 2 and table 1). Because of the lack of common standards for the analysis of these literary structures, it is common for there to be many different hypotheses on a given Biblical text (e.g., Davis 1982 and Hendrix 1990) . Among those various hypotheses, there is not yet a consensus about whether one text part includes only one literary structure or several overlapping literary structures. Moreover, there is not yet a consensus about whether the literary structures in each book of the Bible have a common system or not.
Furthermore, it is difficult to evaluate the validity of those hypotheses utilizing traditional humanities methodologies, since hypotheses in the humanities are not traditionally presented in a consistent and easily comparable form such as a numeric value, as is common in the sciences. Therefore, a quantitative evaluation method will be useful for identifying the genuine literary structures of Biblical texts as constructed by their authors or editors (Murai 2013a) .
In this research, statistical analysis is applied to word and phrase frequencies to evaluate the Parallel Literary Structure hypothesis regarding the hierarchical literary structure of the Bible. This hypothesis proposes that literary structures in all books of the Bible have a common system and that one text part includes several literary structures in parallel. If this hypothesis can be validated, the complicated nature of literary structures in the Bible will be clarified systematically. This hypothesis will be described in the next section.
The aim of this paper is to propose a method for evaluating numerically the validity of a hypothesis of literary structure, and to clarify the systematic structure of the Bible by examining the Parallel Literary Structure hypothesis.
Applying the Parallel Literary Structure Hypothesis to the Bible
The object of statistical evaluation in this paper is the Parallel Literary Structure hypothesis, as applied to the Bible (Murai 2009 , Murai 2013b ). This hypothesis posits that each text (book) of the Bible is uniquely divisible into pericopes that form a concentric structure over the course of the text (book) as a whole. Moreover, it posits that if the number of pericopes in a particular text is evenly divisible (permitting overlap of divisional pericopes: see fig. 3 ), that is, by an integer such as 2, 3, 4 …, each textual division will also exhibit a literary structure composed of pericopes. (This will be explained in more detail later.) For example, Genesis, which is composed of 81 pericopes, has a concentric structure whose center is the pericope regarding Isaac's covenant with the LORD (pericope no. 41 in fig. 4 ; Jacob (no. 61, , we see that each is the same size, and that the four parts sit in a concentric structure ( fig. 6 ). Each of these divisional pericopes is a story of the covenant between the LORD and one of the three patriarchs, indicating that these covenants are the turning points in the history of the Hebrews. As such, these divisions point to the theological or narratological structure of the text. Genesis can also be divided equally into three, five, eight, and nine sections, each again comprising a concentric structure or chiasmus (Murai 2013b) . In general, when the number of pericopes in a whole text is n, equation (1) or (2) can be derived for certain pairs of natural numbers i and j (i being less than j), as follows:
If natural number i satisfies equation (1) or (2), a whole text can be divided into i equal text parts, and it is possible for each text part to be placed in a concentric structure (when the part's length is an odd number) or chiasm structure (when the part's length is even). Table 2 shows the relationships between the total number of pericopes, the number of divisions, and the number of corresponding pericope pairs. Since some corresponding pairs recur in different divisions, the number of unique pairs is shown to the right of the table. 
Strategy for Evaluation
In order to evaluate the validity of the proposed literary structure, it is assumed that at least two aspects should be examined. One is the validity of divisions that compose small parts of the text, and the other is the validity of the corresponding relationship between those small text parts.
If an arbitrary division were made to arrange the correspondence between some pair of text parts, it would be possible simply to identify two small text parts that share some words in common and declare a correspondence between them. However, this would not correspond to the author's intended structure. Therefore, the pericopes that compose literary structures should correspond to some other valid system of division, such as division according to stories, division of scenes by place or time, or division according to rhetorical components such as chiasmus, concentric structures, and parallelism (Dorsey 1999) . Because the test hypothesis in this paper uses pericopes as the components of literary structures, it is necessary to evaluate whether the proposed division of pericopes is valid. One way to do this is by comparison with other scholars' divisions of the text into pericopes.
If meaningless conditions, such as sharing words that have appeared frequently throughout the text, are set as aspects of correspondence between two small text parts, it would also be possible to propose an arbitrary hypothesis of literary structure. Therefore, it is necessary to establish conditions that are not trivial in order to demonstrate the relationship of correspondence. There are many types of correspondence between small text parts, such as sharing common words or phrases; sharing synonyms or antonyms; displaying thematic similarity; and applying the same narratological format. Within these correspondence types, it is difficult to evaluate theme or narratological format quantitatively. In addition to these types, in Bible studies, the relationships between synonyms and antonyms can differ greatly depending on theological belief and context, making it difficult to evaluate these components quantitatively. For instance, in the context of Exodus, "the LORD" (Hebrew ‫יהוה‬ ) and "Pharaoh" (Hebrew ‫פרעה‬ ) become antonyms because service (Hebrew ‫עבד‬ ) to Pharaoh changed to service to the LORD through the story of Exodus. However, in general, "the LORD" and "Pharaoh" do not have opposite meanings. Therefore, of the aspects listed, only sharing words or phrases in two corresponding pericopes is suitable for quantitative evaluation (Murai 2011) .
Material for Evaluation
To validate the Parallel Literary Structure hypothesis, the evaluation method proposed above is applied to the long texts in the Old and New Testaments of the Bible. Long texts here refer to texts made up of more than 49 pericopes (these include approximately the larger 30% of books in the Old and New Testaments except Apocrypha). These long texts are used in order to enable reliable statistical analysis.
The selected texts comprise eleven books from the Old Testament and six from the New Testament. Table 3 shows the selected texts, the number of pericopes in each, and the number of corresponding pairs of literary structures.
The original text evaluated is the Biblia Hebraica Stuttgartensia for the Hebrew Old
Testament and the Novum Testamentum Graece ("Nestle-Aland") for the Greek New
Testament. The digital texts of both critical editions and the morphological data analyzed are from BibleWorks (BibleWorks 2009).
Evaluation for Divisions of Pericopes
As mentioned previously, there is no unified standard division of pericopes in the Bible. Therefore, because the division of pericopes differs in each translation or commentary, it is impossible to judge the validity of such divisions in an absolute sense.
However, there is a good deal of overlap between pericope divisions in some translations or commentaries. Therefore, it would seem possible to evaluate most pericopes through comparison with the pericope divisions of other scholars. Moreover, it is possible to evaluate the independence of pericopes as units of a story based on their content and rhetoric. Table 4 depicts all numbers of pericopes in the target hypothesis and translations. Table   4 demonstrates that the total number of pericopes in the PLS is smaller than for the English.
In the PLS, most pericopes include chiasmus, concentric structures, and parallelisms as inner structures, and in many cases the elements of those inner structures correspond to the pericopes of other translations. Therefore, the size of each pericope in the PLS is larger and the total number of pericopes is correspondingly smaller. However, in Revelation, conversely, the total number of pericopes in the PLS is larger. This is because, unlike the translations under comparison, the PLS divides repeated motifs, such as seven angels, trumpets, and bowls, into pericopes and other parts of the text of Revelation are similarly minutely divided. Therefore, the length of pericopes is shorter than in other books of the Bible. In the five translations being compared, only NKJV divides Revelation so minutely, somewhat similarly to PLS. Table 6 demonstrates that 11.7% of the ends of 16% of unique pericopes corresponded to other divisions ("Matched with commentary" and "Combination"). Therefore, 4% of pericopes have unique ends. Moreover, excluding Revelation (in table 7), "Split pericopes" comprised 1.7% of cases and "No common ends" comprised 0.6%, while pericopes with unique ends comprised 2.3%. Because the number of pericope divisions in Revelation was smaller than in other divisions, the ratio of unique pericopes is higher than in other books of the Bible.
Evaluation for Corresponding Pairs of Pericopes
Although many different types of abstract non-word attributes may exist that comprise corresponding pairs, it is difficult to analyze these abstract attributes quantitatively and objectively given the current state of natural language processing technologies. However, it can be expected that significant differences will appear, even in the simple analysis of word and phrase ratios and correspondences, if a large volume of data is analyzed.
Counting "Common Rare" Words and Phrases
In this study, the literary structure relationships between parts of Bible texts were validated based on the common occurrence therein of words and phrases that otherwise or generally are rare (Murai 2011) . If corresponding pairs of pericopes include these so-called "common rare" words and phrases (extracted automatically based on statistical conditions of frequencies) more frequently than do randomly generated structures, the probability that the structures are arranged intentionally in this way is presumably higher. Of course, accidentally corresponding pairs of common rare words and phrases can occur naturally and be discovered within a random text. However, if the average number of corresponding pairs is calculated in relation to the volume of text, it can be expected that a statistically significant difference will be detectable between intentional and random literary structures.
In addition, if an author has intentionally placed a pair of pericopes in a text, it cannot be assumed that the common words or phrases in that pair appear frequently elsewhere even within that text. Clearly, it would be difficult for the reader to identify corresponding words, if those words were to appear frequently across the whole text.
Comparison with Random Structures
Next, the probability of the accidental occurrence of common rare words and phrases was calculated. In this technique, random literary structures were compared with parts of the text for which certain literary structures have been hypothesized.
What types of random literary structure are suitable for comparison with a hypothetical structure? Although there may be many possibilities, in deciding between them the following factors should be considered at a minimum.
Suitability of text for comparison 2. Division of pericopes in the text

Correspondence of pericopes in the text
First, text that is suitable for comparison should be selected. If the distribution of words in the comparison text differs from that in the target text, the probability of finding corresponding pairs that include common rare words or phrases will also change, and with it the evaluation result. Therefore, the same text should be analyzed for the hypothesized literary structure as well as for random literary structures.
Next, the text should be suitably divided into pericopes. If there are differences in the distribution of pericopes by length, it is possible that a preponderance of very long or very short pericopes will affect the results of evaluation, as long pericopes will increase the proportion of corresponding pairs that include common rare words or phrases relative to a hypothesized structure (while short pericopes will decrease that ratio correspondingly).
Therefore, when dividing pericopes at random, the distribution of pericopes of different lengths was set to be the same as that for the hypothesized literary structure (fig. 7) . The length of each pericope was calculated on the basis of number of verses.
Third, it is necessary to consider whether the randomness of correspondence pairs across pericopes is sufficient. If the target text is a continuous story, it is natural that proximal pericope pairs will be more similar than distal pericope pairs. For this reason, a similar distribution of distance between pericope pairs should be maintained across random and hypothesized structures. In this paper, a distance of two pericopes (that is, two pericopes sandwiched between the two pericopes that are being compared) was adopted. In actual evaluation with random combinations of pericopes, the distribution of distance between corresponding pericopes was set to be the same as that of the hypothesized literary structure. Therefore, the average distance and variance of distances of the random structure became equal to those of the hypothesized literary structure. When selecting random combinations of pericopes, the same combination as that in the hypothesis was avoided with the exception of the longest combination. This was done because the longest combination (the first pericope and last pericope) is unique. On the basis of these points, in this paper three types of random literary structure were compared with a hypothesized literary structure (PLS). The first type of random literary structure was a random combination of pericopes, the second was a random division of pericopes, and the third was a blend of random division and random combination. In random combination, the division of pericopes in each text is the same, but the corresponding pairs of pericopes in the literary structures will have changed randomly. In random division, the literary structures of each text will be the same, as will the corresponding pairs of pericopes, but the positions of the divisions between the pericopes will have changed randomly.
Here, across these three types of random literary structure, the frequencies of rare common words and phrases between corresponding pericopes were compared with those in PLS. The distribution of pericope pairs that include common rare words and phrases was assumed to be normal.
Types of Words and Phrases Evaluated
The evaluation of words and phrases proceeded as follows. Single words and two-word phrases were counted, with prepositions, articles, and conjunctions excluded. Pairs of words within a five-word window were also counted, in order to include not only successive but also proximal word pairs.
Three different rarity thresholds (10, 20, and 30%) were used for evaluation: A 10%
threshold, for example, means that the target word or phrase appears in less than 10% of the total number of pericopes in the target book of the Bible. Then, nine types of corresponding rare words and phrases (three types of word form-namely single words, two-word phrases, and five-word windows-multiplied by each of the three rarity thresholds) were selected for statistical evaluation. The results were then examined for statistical significance.
Results and Discussion
In the evaluation, corresponding common rare words and phrases were calculated on the basis of lemmas. In experiments discussed in this paper, 100 random literary structures were constructed for each of the three types of random structure in order to count corresponding pericope pairs, including common rare words and phrases. Then, the statistical significance of the hypothesized literary structures was calculated based on the averages and variances found. Tables 8 depict the In table 8, all books of the Bible have at least one type of evaluation in which every random comparison is statistically significant (surrounded by a thick line). In Revelation, every type of evaluation is statistically significant. Based on table 5 , the ratio of unique pericopes (whose end points differ from those of other books) in the hypothesis is medium compared with five English versions of the Bible.
Divisions of Pericopes
Moreover, most unique pericopes in the hypothesis are a combination of several small pericopes from other books ("Matched with Commentary" and "Combination" in tables 6 and 7). Therefore, the divisional points in these pericopes are not unique. With the exception of Revelation, the proportion of unique divisions is only 2.3% in the divisions of the PLS.
Furthermore, as mentioned above, each pericope in the hypothesis itself functions as a distinctive literary structure, with the exception of a few very short pericopes. Most of the unique pericopes also contain inner literary structures (see Murai 2013b and table 9). Therefore, I conclude that the pericope divisions in the Parallel Literary Structure hypothesis are unexceptional, and correspond to the rhetoric and stories of the Bible.
Corresponding Pairs of Pericopes
Because of the many types of evaluation used for validation, several word types may easily become statistically significant. However, it is not so easy for all three types of random structure to simultaneously become statistically significant for any of the nine types of corresponding rare words and phrases, since each case is validated from at least three viewpoints. In addition, the total ratio of statistically significant parts (5%, 1%, and 0.1% significance in table 8) was examined in order to evaluate the overall correspondence of vocabulary. The two forms of statistical significance mentioned above (three random structures simultaneously becoming significant, total ratio of statistically significant parts) are regarded as evidence of validation of the hypothesis.
The results demonstrate that in all seventeen texts, more than one type of corresponding common rare word or phrase is statistically significant at the 5%, 1%, or 0.1% level compared with all three types of random pattern.
The probability that more than one common rare word type is statistically significant (less than 5%) in all three random types is calculated as in equation 3: (4) Thus, we see that the probability that the parallel literary structures are statistically significant across all three random constructions in one book is higher than 0.1% and lower than 37%. In contrast, the probability that all seventeen books are statistically significant is higher than 0.0011 17 = 7.34 x 10 -54 and lower than 0.3698 17 = 4.51 x 10 -8 .
The total ratio of statistically significant parts is listed in table 10. In the table, the 1% column refers to the ratio of cells that are statistically significant at the 1% and 0.1% rate in table 8 (and similarly for the 5% column; note that the 5% column includes the 0.1%, 1%, and 5% rates). The symbols *, **, and *** signify that the ratios are also statistically significant at the 5%, 1%, and 0.1% levels, respectively. Table 10 shows that all the Bible books considered here include many types of statistically significant words and phrases, a situation that has a probability of occurring by chance of much less than 0.05 17 = 7.63 x10 -23 . 
Conclusions and Future Work
In this paper, utilizing three types of random structure (random combinations of pericopes; random divisions of pericopes; and both random combination and random division), it has been clarified that some types of words and phrases demonstrate statistically significant differences in their occurrence across the seventeen long texts of the Bible. This exceeds the level of accidental occurrence. This result demonstrates that correspondences between pericopes in the Parallel Literary Structure hypothesis are intentionally embedded relationships of pericopes.
Even if a text does not have this literary structure, it may be possible to increase the number of corresponding words or phrases by arbitrarily cutting a text into pericopes or arbitrarily modifying the structure of the relationships between pericopes. However, in this research, the Parallel Literary Structure hypothesis is based on the same consistent rules of structure and each pericope is thus cut at the appropriate rhetorical position.
Although in order to verify the hypothesis completely, evaluations of such features as synonyms, antonyms, themes, and narratological forms are necessary along with words and phrases, it is statistically concluded that the presence of corresponding words and phrases strongly supports the Parallel Literary Structure hypothesis. The literary structures of that hypothesis are not assumed to be accidental but rather it is assumed that they are probably intentional embedded structures constructed by the original authors or editors.
This paper has proposed a new method for evaluating numerically the validity of a hypothesis of literary structure, and has examined the Parallel Literary Structure hypothesis. Statistical significances that exceed the level of accidental occurrence were extracted and the systematic common literary structure of the Bible was clarified.
For this paper, in order to extract statistically significant differences by counting common rare words and phrases in corresponding pericopes, I selected long texts consisting of many pericopes for analysis. However, if it were possible to calculate not only matching words and phrases but also antonyms and synonyms, significant differences might also be found in shorter texts. In the future, it is desirable that the validity of the interior literary structure of pericopes, which consist of words and verses, also come to be evaluated quantitatively.
